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MANUFACTURING METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a wiring substrate and a wiring substrate 
module which make it possible to rapidly transmit signals and effectively 
prevent a damage caused by external factors, and their manufacturing 
method. 

SOLUTION: The electric wiring element 10 having electric wiring patterns 
12a-12g formed on an insulating substrate 11 and an insulating layer 20 
covering the electric wiring element 10 are provided, and an optical 
waveguide 30 as an optical wiring is provided in the insulating layer 20. 



A luminous element 40 and a light receiving element 50 are provided in the 
insulating layer 20, and IC chips 61 and 62 are provided on the opposite 
side to the electric wiring element 10 of the insulating layer 20. Since 
the optical waveguide 30 is provided in the insulating layer 20, the 
occurrence of the break of the optical wiring and an optical noise can be 
prevented, and the loss in optical propagation can be reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optical wiring substrate characterized by having the base 
which has an electric wiring pattern, and the optical waveguide arranged 
possible [ transmission of a lightwave signal ] inside said base. 



[Claim 2] Furthermore, the optical wiring substrate according to claim 1 
characterized by having a light emitting device for sending a lightwave 
signal, and a photo detector for receiving a lightwave signal. 
[Claim 3] Said base is an optical wiring substrate according to claim 1 
characterized by including a wrap insulating layer for the electric wiring 
section in which the electric wiring pattern was formed, and this electric 
wiring section. 

[Claim 4] Said optical waveguide is an optical wiring substrate according 
to claim 3 characterized by being arranged in the interior of said 
insulating layer. 

[Claim 5] Furthermore, the optical wiring substrate according to claim 4 
characterized by having a light emitting device for sending a lightwave 
signal, and a photo detector for receiving a lightwave signal, and arranging 
either [ at least ] said light emitting device or said photo detector in 
the interior of said insulating layer. 

[Claim 6] Said light emitting device is an optical wiring substrate 
according to claim 5 characterized by having the 1st signal impression 
electrode for impressing an electrical signal, arranging in the front face 
of said insulating layer the 2nd signal impression electrode with which 
an electrical signal is impressed from the exterior, and connecting 
electrically said 1st signal impression electrode and said 2nd signal 
impression electrode. 

[Claim 7] It is the optical wiring substrate according to claim 6 
characterized by for said light emitting device having further the 1st 
power-source electrode for impressing supply voltage, and for said electric 
wiring section having the 2nd power-source electrode with which supply 
voltage is impressed from the exterior, and connecting electrically said 
1st power-source electrode and said 2nd power-source electrode. 
[Claim 8] Said photo detector is an optical wiring substrate according to 
claim 5 characterized by having the 1st signal output electrode for 
outputting the electrical signal according to the received lightwave signal, 
arranging the 2nd signal output electrode for outputting an electrical 
signal to the exterior in the front face of said insulating layer, and 
connecting electrically said 1st signal output electrode and said 2nd 
signal output electrode. 

[Claim 9] It is the optical wiring substrate according to claim 8 
characterized by for said photo detector having further the 3rd 
power-source electrode for impressing supply voltage, and for said electric 
wiring section having the 4th power-source electrode with which supply 
voltage is impressed from the exterior, and connecting electrically said 



3rd power-source electrode and said 4th power-source electrode. 
[Claim 10] Said optical waveguide is an optical wiring substrate according 
to claim 1 characterized by including the core layer which makes light 
spread, and the cladding layer which wraps the perimeter of this core layer. 
[Claim 11] Said optical waveguide is an optical wiring substrate according 
to claim 1 characterized by consisting of an ingredient containing at least 
one sort in the group which consists of polyimide, an epoxy resin, acrylic 
resin, polyolefin resin, and synthetic rubber. 

[Claim 12] Said electric wiring section is an optical wiring substrate 
according to claim 3 characterized by including the electric wiring pattern 
of two or more layers. 

[Claim 13] Said electric wiring section is an optical wiring substrate 
according to claim 3 characterized by coming to form an electric wiring 
pattern in the substrate constituted with the inorganic material containing 
at least one sort in the group which consists of an aluminum oxide, a glass 
ceramic, alumimium nitride, and a mullite. 

[Claim 14] Said electric wiring section is an optical wiring substrate 
according to claim 3 characterized by coming to form an electric wiring 
pattern in the substrate constituted with the organic material containing 
at least one sort in the group which consists of a glass epoxy resin, 
polyimide, BT resin, PPE (Polyphenyl ether) resin, phenol resin, and 
polyolefin resin. 

[Claim 15] The optical wiring module characterized by having the integrated 
circuit which delivers and receives an electrical signal between [ one / 
at least / the base which has an electric wiring pattern, the optical 
waveguide arranged possible / transmission of a lightwave signal / inside 
said base, the light emitting device for sending a lightwave signal, the 
photo detector for receiving a lightwave signal, and ] said light emitting 
device or said photo detector. 

[Claim 16] Said base is an optical wiring module according to claim 15 
characterized by including a wrap insulating layer for the electric wiring 
section in which the electric wiring pattern was formed, and this electric 
wiring section. 

[Claim 17] Said optical waveguide is an optical wiring module according 
to claim 16 characterized by being arranged in the interior of said 
insulating layer. 

[Claim 18] The optical wiring module according to claim 16 with which either 
[ at least ] said light emitting device or said photo detector is 
characterized by being arranged in the interior of said insulating layer. 
[Claim 19] The manufacture approach of the optical wiring substrate 



characterized by including the process which forms a lower insulating layer 
on the electric wiring section in which the electric wiring pattern was 
formed, the process which forms the optical waveguide which can transmit 
a lightwave signal on said lower insulating layer, and the process which 
forms an up insulating layer so that said optical waveguide may be covered 
at least. 

[Claim 20] The process which forms said optical waveguide is the manufacture 
approach of the optical wiring substrate according to claim 19 
characterized by including the process which forms said optical waveguide 
on a predetermined dummy substrate, and the process which imprints the 
optical waveguide formed on said dummy substrate on said up insulating layer. 
[Claim 21] The manufacture approach of the optical wiring substrate 
according to claim 19 characterized by including further the process which 
forms either [ at least ] a light emitting device or a photo detector so 
that it may be covered with said up insulating layer or said lower insulating 
layer. 

[Claim 22] The process which forms a lower insulating layer on the electric 
wiring section in which the electric wiring pattern was formed, The process 
which forms the optical waveguide which can transmit a lightwave signal 
on said lower insulating layer, The process which forms an up insulating 
layer so that said optical waveguide may be covered at least, The process 
which forms the photo detector for receiving the light emitting device and 
lightwave signal for sending a lightwave signal. The manufacture approach 
of the optical wiring module characterized by including the process which 
forms the integrated circuit which delivers and receives an electrical 
signal between [ one / at least ] said light emitting device or said photo 
detector on said up insulating layer. 

[Claim 23] The manufacture approach of the optical wiring module according 
to claim 22 characterized by forming either [ at least ] said light emitting 
device or said photo detector so that it may be laid under the interior 
of said up insulating layer or said lower insulating layer. 
[Claim 24] The manufacture approach of the optical wiring module according 
to claim 22 characterized by forming said light emitting device and said 
photo detector on said up insulating layer. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to those manufacture 
approaches at the optical wiring substrate and the optical wiring module 
list which enable improvement in the speed of a signal transduction signal. 
[0002] 

[Description of the Prior Art] By advance of the technique in IC (Integrated 
Circuit; integrated circuit) or LSI (Large Scale Integrated Circuit; 
large-scale integrated circuit), those working speeds and accumulation 
scales improve, for example, high-performance-izing of a microprocessor 
and large capacity-ization of a memory chip are attained quickly, between 
the chips between the boards in the former and a device, or in a board etc. 
— signal transduction between short distance has mainly been comparatively 
performed by the electrical signal. In order to raise the engine performance 
of an integrated circuit further from now on, improvement in the speed of 
a signal and the densif ication of signal wiring are needed, but in 
electrical signal wiring (electric wiring), while these improvement in the 
speed and densif ication are difficult, the signal delay by CR (C: 
electrostatic-capacity [ of wiring ], resistance of R: wiring) time constant 
of wiring will pose a problem. Moreover, since improvement in the speed 
of an electrical signal and the densif ication of electric wiring cause a 
cross talk between an EMI (Electromagnetic Interference) noise or a channel, 
they become indispensable [ the cure ]. 

[0003] Then, optical wiring (lightwave signal wiring, optical 
interconnection) attracts attention as what solves these problems. Optical 
wiring is considered [ that it is applicable to various parts, such as 
between the chips between the boards between devices and in a device, or 
in a board, and ]. Especially, optical waveguide is formed on the substrate 
in which the chip is carried, and it is considered suitable by transmission 
of the signal between short distance like [ during a chip ] to build the 
optical transmission and communication system which made this the 
transmission line. 

[0004] It is necessary to equip IC chip for delivering and receiving an 
electrical signal between the photo detector for changing the light 
emitting device for changing an electrical signal into a lightwave signal, 
and a lightwave signal into an electrical signal and a light emitting device, 
or a photo detector etc. , and an electrical signal still needs to perform 



transmission of supply of the power to these components, the control signal 
of low-speed various kinds comparatively, etc. in such optical transmission 
and communication system. Therefore, it is indispensable to form electric 
wiring in a substrate top or a substrate. 

[0005] 

[Problem(s) to be Solved by the Invention] It is thought that the optical 
wiring substrate of the hybrid mold equipped with electric wiring and 
optical wiring is obtained by forming the thin film multilayer 
interconnection as electric wiring on a silicon substrate or a glass 
substrate, and forming the optical waveguide as optical wiring on it. 
Moreover, it is thought that it is obtained also by forming optical 
waveguide on the substrate which has electric wiring, such as the usual 
printed-circuit board. When producing these hybrid types of optical wiring 
substrate, it is possible to use a high molecular compound for the 
ingredient of optical waveguide, and to form according to a low-temperature 
process. 

[0006] However, when it is made to expose on a substrate and optical 
waveguide has been arranged, the optical waveguide tends to receive 
mechanical damage. For this reason, there is a problem that a wiring piece 
will happen to a part of optical waveguide, optical transmission loss will 
arise, or the optical noise by ****** etc. will occur. Moreover, since 
optical waveguide exists on the surface of a substrate, as optical waveguide 
is avoided, a semiconductor chip and other chips must be mounted, and there 
is also a problem that constraint will arise to the mounting field as the 
whole wiring substrate. 

[0007] This invention was made in view of this trouble, and the purpose 
is to provide with those manufacture approaches the optical wiring 
substrate and the optical wiring module list which make it possible to 
prevent damage by external factors effectively while making high-speed 
transmission of a signal possible. 
[0008] 

[Means for Solving the Problem] The optical wiring substrate by this 
invention is equipped with the base which has an electric wiring pattern, 
and the optical waveguide arranged possible [ transmission of a lightwave 
signal ] inside at the base. 

[0009] The optical wiring module by this invention is equipped with the 
integrated circuit which delivers and receives an electrical signal between 
[ one / at least / the base which has an electric wiring pattern, the optical 
waveguide arranged possible / transmission of a lightwave signal / inside 
at the base, the light emitting device for sending a lightwave signal, the 



photo detector for receiving a lightwave signal, and ] a light emitting 
device or a photo detector. 

[0010] The manufacture approach of the optical wiring substrate by this 
invention includes the process which forms a lower insulating layer on the 
electric wiring section in which the electric wiring pattern was formed, 
the process which forms the optical waveguide which can transmit a lightwave 
signal on a lower insulating layer, and the process which forms an up 
insulating layer so that optical waveguide may be covered at least. 
[0011] The manufacture approach of the optical wiring module by this 
invention The process which forms a lower insulating layer on the electric 
wiring section in which the electric wiring pattern was formed, The process 
which forms the optical waveguide which can transmit a lightwave signal 
on a lower insulating layer. The process which forms the photo detector 
for receiving the process which forms an up insulating layer so that optical 
waveguide may be covered at least, and the light emitting device and 
lightwave signal for sending a lightwave signal. The process which forms 
the integrated circuit which delivers and receives an electrical signal 
between [ one / at least ] a light emitting device or a photo detector on 
an up insulating layer is included. 

[0012] By the optical wiring substrate or the optical wiring module by this 
invention, an electrical signal is transmitted by the electric wiring 

prepared in the base, and a lightwave signal is transmitted by the optical 

waveguide inside a base. 

[0013] By the manufacture approach of the optical wiring substrate by this 
invention, or the manufacture approach of an optical wiring module, optical 
waveguide is formed on the lower insulating layer formed on the electric 
wiring section, and an up insulating layer is formed so that this optical 
waveguide may be covered. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this 
invention is explained to a detail with reference to a drawing. 
[0015] [the gestalt of the 1st operation] — the configuration of the 
optical wiring substrate concerning the gestalt of implementation of the 
1st of this operation and an optical wiring module is explained first. 
[0016] Drawing 1 expresses the cross-section structure of the optical 
wiring substrate concerning the gestalt of this operation. This optical 
wiring substrate is equipped with the electric wiring section 10 and the 
insulating layer 20 prepared so that this electric wiring section 10 might 
be covered. The optical waveguide 30, the light emitting device 40, and 
photo detector 50 as optical wiring are laid under the interior of an 



insulating layer 20. Here, what doubled the electric wiring section 10 and 
an insulating layer 20 supports one example of the "base" of this invention. 
[0017] The electric wiring section 10 contains two or more electric wiring 
patterns 12a-12g which are prepared in the front face and the interior of 
the substrate 11 which has insulation, and this substrate 11, for example, 
consist of electrical conducting materials, such as copper (Cu) . The 
electric wiring patterns 12a-12d are formed in the interior of a substrate 
11, and the electric wiring patterns 12e-12g are formed in one front face 
( drawing' 1 rear-face side) of a substrate 11. Although formed in the same 
hierarchy (henceforth the 1st hierarchy) as electric wiring pattern 12c 
and electric wiring pattern 12d, it insulates electrically between both. 
Moreover, it is formed in two different hierarchies from the 1st hierarchy, 
respectively electric wiring pattern 12a and electric wiring pattern 12d. 
That is, the electric wiring patterns 12a-12g are multilayered here. 
[0018] Electric wiring pattern 12a is power-source Rhine for light emitting 
device 40, and electric wiring pattern 12b is power-source Rhine for photo 
detector 50. Electric wiring pattern 12c is power-source Rhine for IC chip 
61 (refer to drawing 3 ) mentioned later, and electric wiring pattern 12d 
is power-source Rhine for IC chip 62 (refer to drawing 3 ) mentioned later. 
Moreover, the power-source circuit patterns 12e-12g are for connecting 
electrically between the components of others which are not illustrated. 
[0019] The electrodes 14 and 15 with which supply voltage is impressed from 
the exterior are formed in the front face of another side of a substrate 
11. Between an electrode 14 and electric wiring pattern 12a, connection 
hole (through hole) 13a is formed, and the electrode 14 is electrically 
connected to electric wiring pattern 12a through conductors, such as copper 
with which connection hole 13a was filled up. Connection hole 13b is formed 
between an electrode 15 and electric wiring pattern 12b, and the electrode 
15 is electrically connected to electric wiring pattern 12b through the 
conductor with which connection hole 13b was filled up. Here, an electrode 
14 corresponds to one example of "the 2nd power-source electrode" in this 
invention, and the electrode 15 supports one example of "the 4th 
power-source electrode" in this invention. 

[0020] A light emitting device 40 counters with an electrode 14, and is 
arranged. This light emitting device 40 has power-source electrode 40a for 
impressing supply voltage, signal-electrode 40b for impressing an 
electrical signal, and light-emitting part 40c. It is in contact with the 
electrode 14, or it is joined with solder etc. , and power-source electrode 
40a is electrically connected with the electrode 14. Here, power-source 
electrode 40a corresponds to one example of "the 1st power-source 



electrode" of this invention, and signal-electrode 40b supports one example 
of "the 1st signal impression electrode" of this invention. 
[0021] A photo detector 50 counters with an electrode 15, and is arranged. 
This photo detector 50 has power-source electrode 50a for impressing supply 
voltage, signal-electrode 50b for outputting the electrical signal 
according to the received lightwave signal, and light sensing portion 50c. 
It is in contact with the electrode 15, or it is joined with solder etc. , 
and power-source electrode 50a is electrically connected with the electrode 
15. Here, power-source electrode 50a corresponds to one example of "the 
3rd power-source electrode" of this invention, and signal-electrode 50b 
supports one example of "the 1st signal output electrode" of this invention. 
[0022] The signal electrode 17 for outputting an electrical signal to the 
signal electrode 16 and the exterior where an electrical signal is impressed 
from the exterior, the electrodes 18a and 18b with which supply voltage 
is impressed from the exterior, the other electrodes 19, etc. are formed 
in the front face (front face of a substrate 11 side and the opposite side) 
of an insulating layer 20. Connection hole 13c is formed between a signal 
electrode 16 and signal-electrode 40b of a light emitting device 40, and 
the signal electrode 16 is electrically connected to signal-electrode 40b 
through the conductor with which connection hole 13c was filled up. 13d 
of connection holes is formed between a signal electrode 17 and 
signal-electrode 50b of a photo detector 50, and the signal electrode 17 
is electrically connected to signal-electrode 50b through the conductor 
with which 13d of connection holes was filled up. Connection hole 13e is 
formed between electrode 18a and electric wiring pattern 12c, and electrode 
18a is electrically connected to electric wiring pattern 12c through the 
conductor with which connection hole 13e was filled up. Moreover, 13f of 
connection holes is formed between electrode 18b and electric wiring 
pattern 12d, and electrode 18b is electrically connected to electric wiring 
pattern 12d through the conductor with which 13f of connection holes was 
filled up. Here, a signal electrode 16 corresponds to one example of "the 
2nd signal impression electrode" of this invention, and the signal 
electrode 17 supports one example of "the 2nd signal output electrode" of 
this invention. 

[0023] Optical waveguide 30 is arranged between the light emitting device 
40 and the photo detector 50. This optical waveguide 30 has the main front 
face of the electric wiring section 10, and the reflectors 30a and 30b whose 
exterior angles to make are obtuse angles (135 degrees of abbreviation 
[ Here ]) to the both ends of a longitudinal direction. Reflector 30a is 
located so that it may counter with light-emitting part 40c of a light 



emitting device 40, and it reflects in the longitudinal direction in optical 
waveguide 30 the lightwave signal emitted from light-emitting part 40c. 
Reflector 30b is located so that it may counter with light sensing portion 
50c of a photo detector 50, and it reflects the lightwave signal which has 
spread the inside of optical waveguide 30 along with the longitudinal 
direction in the direction of light sensing portion 50c. In addition, the 
front face of the electric wiring section 10 of optical waveguide 30 and 
the exterior angle to make mean the thing of the exterior angle of this 
graphic form at the time of thinking that it is the graphic form which the 
cross section which met in the optical propagation direction (longitudinal 
direction) of optical waveguide 30 closed. Moreover, in drawing 1 , although 
between the top faces of the inferior surface of tongue of optical waveguide 
30, a light emitting device 40, and a photo detector 50 is slightly separated, 
these may touch. 

[0024] For example, a ceramic multilayer-interconnection substrate, an 
organic multilayer-interconnection substrate, a glass epoxy wiring 
substrate, a built-up multilayer-interconnection substrate, a 
printed-circuit board, etc. can be used for the electric wiring section 
10. Here, a ceramic multilayer-interconnection substrate means things, 
although the substrate 11 was constituted by the inorganic material 
containing at least one sort in the group which consists of an aluminum 
oxide (aluminum 203), a glass ceramic (for example, low-temperature baking 
glass ceramic), alumimium nitride (AIN) , and a mullite. An organic 
multilayer-interconnection substrate means things, although the substrate 
11 was constituted by the organic material containing at least one sort 
in the group which consists of a glass epoxy resin, polyimide, BT resin, 
PPE (Polyphenyl ether) resin, phenol resin, and polyolefin resin (for 
example, Du Pont Teflon (trademark)). In addition, what was constituted 
with film-like polyimide etc. among organic multilayer-interconnection 
substrates is also called the flexible multilayer-interconnection 
substrate. A glass epoxy multilayer-interconnection substrate means things, 
although the substrate 11 was constituted by glass epoxy resins, such as 
FR-4, and a built-up multilayer-interconnection substrate means things, 
although the electric wiring pattern was formed in high density by the 
photolithography technique which used resin, such as photosensitivity or 
a nonphotosensitivity epoxy resin, polyimide of photosensitive or 
nonphotosensitivity, or benz-cyclo-butene (BCB) of photosensitive or 
nonphotosensitivity, on the usual glass epoxy wiring substrate. Moreover, 
a printed-circuit board means things, although the printing substrate with 
which the electric wiring pattern was printed by high density was arranged 



on the core substrate which consists of dielectric materials. 
[0025] The insulating layer 20 is constituted by the epoxy resin with a 
thickness of 100 micrometers. In addition, when optical waveguide 30, a 
light emitting device 40, and a photo detector 50 estrange and are arranged, 
it is desirable to form an insulating layer 20 with a transparent ingredient 
to a lightwave signal. It is because the optical transmission loss at the 
time of a lightwave signal being transmitted can be controlled. 
[0026] Optical waveguide 30 is constituted by the epoxy resin which uses 
as a principal member the bisphenol whose refractive index is about 1. 54, 
and the thickness is 30 micrometers. 

[0027] In addition, optical waveguides 30 may be not only structure as shown 
in drawing 1 but other structures. For example, as shown in drawing 2 (A) 
and (B), it is good also as optical waveguide 30A of the structure which 
consists of a cladding layer 32 formed as surrounded the core layer 31 and 
the core layer 31. Incidentally, drawing 2 (A) expresses the cross-section 
structure of optical waveguide 30A cut in the same direction as drawing 
1 , and drawing 2 (B) is IIB-IIB of drawing 2 (A). It corresponds to the 
cross section which met the line. 

[0028] In this optical waveguide 30A, the core layer 31 is constituted by 
the epoxy resin which uses as a principal member the bisphenol whose 
refractive index is about 1. 54, and that thickness is 30 micrometers. This 
core layer 31 has Reflectors 31a and 31b to the both ends of a longitudinal 
direction. The cladding layer 32 is constituted by an ingredient with a 
refractive index smaller than the component of a core layer 31, for example, 
the epoxy resin whose refractive index is about 1. 52, and the thickness 
is 30 micrometers. Thus, since there is little optical transmission loss, 
the direction which prepared the refractive-index difference in optical 
waveguide 30A is desirable. In addition, as long as a cladding layer 32 
and a core layer 31 fulfill the conditions that the refractive index of 
a core layer 31 is larger than the refractive index of a cladding layer 
32, you may make it other ingredients, such as polyolefin resin, such as 
acrylic resin, such as polyimide and polymethylmethacrylate, polyethylene, 
and polystyrene, or synthetic rubber, constitute them. 
[0029] The light emitting device 40 is constituted by the light emitting 
diode (light emitting diodeiLED) of a surface-emitting type. A 
surface-emitting type means things here, although outgoing radiation of 
the light is carried out from the main front face (front face which has 
the largest area) of a component. Moreover, the photo detector 50 is 
constituted by the photodiode of a surface-emitting type. Although a field 
light-receiving mold receives light by the main front face, it means things 



here. 

[0030] The optical wiring substrate which has such a configuration is used 
as an optical wiring module as shown in drawing 3 . As for this optical 
wiring module, the IC chips 61 and 62 are arranged in the electric wiring 
section 10 and the opposite side of an insulating layer 20 of an optical 
wiring substrate which were shown in drawing 1 . Electronic circuitries, 
such as a digital disposal circuit and a memory circuit, are accumulated 
by the IC chips 61 and 62, respectively. Here, the IC chips 61 and 62 support 
one example of the "integrated circuit" of this invention. 
[0031] The bumps (conductive projection) 63 and 64 electrically connected 
with the IC chip 61 are formed in the optical wiring substrate (insulating 
layer 20) side of the IC chip 61, respectively. The bump 63 is in contact 
with electrode 18a, and the bump 64 is in contact with the signal electrode 
16. Thereby, the IC chip 61 is electrically connected to signal-electrode 
40b of a light emitting device 40 through the conductor with which a bump 
64, a signal electrode 16, and connection hole 13c were filled up while 
connecting with electric wiring pattern 12c electrically through the 
conductor with which a bump 63, electrode 18a, and connection hole 13e were 
filled up. 

[0032] On the other hand, the bumps 65 and 66 electrically connected with 
the IC chip 62 are formed in the optical wiring substrate (insulating layer 
20) side of the IC chip 62, respectively. The bump 65 is in contact with 
electrode 18b, and the bump 66 is in contact with the signal electrode 17. 
Thereby, the IC chip 62 is electrically connected to signal-electrode 50b 
of a photo detector 50 through the conductor with which a bump 66, a signal 
electrode 17, and 13d of connection holes were filled up while connecting 
with electric wiring pattern 12d electrically through the conductor with 
which a bump 65, electrode 18b, and 13f of connection holes were filled 
up. 

[0033] Next, with reference to drawing 4 thru/or drawing 8 , the manufacture 
approach of the optical wiring module shown in drawing 3 is explained. In 
addition, drawing 4 thru/or drawing 8 express each production process of 
the manufacture approach of an optical wiring module, respectively. 
[0034] First, as shown in drawing 4 , the substrate 11 (namely, electric 
wiring section 10) with which the electric wiring patterns 12a-12g were 
formed, a light emitting device 40, and a photo detector 50 are prepared, 
respectively. In addition, that by which the electrode 15 electrically 
connected to electric wiring pattern 12b through the electrode 14 
electrically connected to electric wiring pattern 12a through connection 
hole 13a and connection hole 13b was formed in the front face as the electric 



wiring section 10, for example is prepared. Power-source electrode 40a of 
a light emitting device 40 and the power-source electrode 14 of electric 
wiring section 10 front face are joined with solder etc. after it, and a 
light emitting device 40 is mounted on the electric wiring section 10. 
Moreover, power-source electrode 50a of a photo detector 50 and the 
power-source electrode 15 of electric wiring section 10 front face are 
joined with solder etc. , and a photo detector 50 is mounted on the electric 
wiring section 10. 

[0035] Next, as shown in drawing 5 , lower insulating-layer 20a is formed 
on the electric wiring section 10 so that a light emitting device 40 and 
a photo detector 50 may be covered. Formation of this lower insulating-layer 
20a is performed by applying an epoxy resin with for example, the roll coat 
method, the curtain coat method, a spin coat method, or a dip coating method, 
and heat-treating. Thereby, a light emitting device 40 and a photo detector 
50 are laid under the interior of lower insulating-layer 20a. After forming 
lower insulating-layer 20a, flattening processing of a lower 
insulating-layer 20a front face is performed. 

[0036] Next, so that the end section of the longitudinal direction may 
correspond to light-emitting part 40c of a light emitting device 40 and 
the other end may correspond to light sensing portion 50c of a photo detector 
50, for example, as were shown in drawing 6 , and it is the following, optical 
waveguide 30 is formed. 

[0037] That is, first, in case optical waveguide 30 is formed, after 
applying so that the refractive index after hardening may become the 
thickness of about 30 micrometers with a spin coat method about the 
liquefied epoxy resin which is about 1. 54, alignment of the photo mask which 
is not illustrated on the applied epoxy resin is carried out, and it is 
arranged on lower insulating-layer 20a. As a photo mask, when it has the 
light-shielding film in which opening corresponding to optical waveguide 
30 was prepared and the thickness of a light-shielding film becomes thin 
gradually along with the longitudinal direction of opening, the field near 
the shorter side of opening of a light-shielding film can use what functions 
as a gray-scale field which makes the amount of the light according to the 
thickness of a light-shielding film penetrate, for example. 
[0038] After arranging a photo mask, light is irradiated towards the 
electric wiring section 10 side from a photo-mask side. The exposure of 
this light uses an extra-high pressure mercury lamp, and is 10 mW/cm2. It 
carries out over long time amount (for example, for 3 minutes) with the 
low output of extent. After it, light is not irradiated among epoxy resins 
but dissolution removal of the non-hardened part is carried out using an 



organic solvent. Thereby, while optical waveguide 30 is formed, Reflectors 
30a and 30b are formed in the both ends. 

[0039] In addition, what is necessary is just to make it like next, in 
forming optical waveguide 30A which has the core layer 31 as shown in drawing 
2 (A) and (B), and a cladding layer 32. First, on lower insulating-layer 
20a, after applying so that the refractive index after hardening may become 
the thickness of about 30 micrometers with a spin coat method about the 
liquefied epoxy resin which is about 1.52, heat treatment is performed, 
resin is stiffened and lower cladding layer 32a (refer to drawing 2 (A)) 
is formed. Subsequently, the core layer 31 which has Reflectors 31a and 
31b to both ends is formed on lower cladding layer 32a using the formation 
approach of optical waveguide 30 mentioned above, and the same approach. 
Then, on the exposure of lower cladding layer 32a, and a core layer 31, 
after applying so that the refractive index after hardening may become the 
thickness of about 30 micrometers in the upper part of a core layer 31 about 
the liquefied epoxy resin which is about 1. 52 with a spin coat method, heat 
treatment is performed, resin is solidified and up cladding layer 32b is 
formed. 

[0040] After forming optical waveguide 30, as shown in drawing 7 , up 
insulating-layer 20b is formed so that optical waveguide 30 may be covered. 
Up insulating-layer 20b is formed by the same approach using the same 
ingredient for example, as lower insulating-layer 20a. Thereby, the 
insulating layer 20 which consists of lower insulating-layer 20a and up 
insulating-layer 20b is formed. 

[0041] Next, as shown in drawing 8 , corresponding to the electric wiring 
patterns 12c and 12d and signal electrodes 40b and 50b, the connection holes 
13c-13f are formed in an insulating layer 20, respectively. While embedding 
conductors, such as copper, by the galvanizing method or print processes 
after it at these connection holes 13c-13f, signal electrodes 16 and 17 
and Electrodes 18a and 18b are formed, respectively. In addition, formation 
of the connection holes 13c-13f is performed using laser or a drill. 
Moreover, when an insulating layer 20 is formed with the ingredient which 
has photosensitivity, it is also possible to form the connection holes 
13c-13f using a photolithography technique. 

[0042] Next, while attaching bumps 63 and 64 in the IC chip 61, respectively, 
bumps 65 and 66 are attached in the IC chip 62, respectively. The IC chips 
61 and 62 are mounted on an insulating layer 20 by the flip-chip-bonding 
method using bumps 63-66 after it. Thereby, the optical wiring module shown 
in drawing 3 is completed. 

[0043] Next, an operation of this optical wiring module is explained. 



[0044] By this optical wiring module, if the supply voltage impressed from 
the outside is impressed to power-source electrode 40a of a light emitting 
device 40 through electric wiring pattern 12a of the electric wiring section 
10, and an electrode 14, actuation of a light emitting device 40 will be 
attained. Moreover, if the supply voltage impressed from the outside is 
impressed to power-source electrode 50a of a photo detector 50 through 
electric wiring pattern 12b and an electrode 15, actuation of a photo 
detector 50 will be attained. Furthermore, if supply voltage is impressed 
to the IC chips 61 and 62 through the electric wiring patterns 12c and 12d, 
Electrodes 18a and 18b, and bumps 63 and 65, the IC chips 61 and 62 will 
be in the condition that it can operate, respectively. 
[0045] If an electrical signal is outputted from the signal pad which is 
in the condition that a light emitting device 40, a photo detector 50, and 
the IC chips 61 and 62 can operate, for example, the IC chip 61 does not 
illustrate, an electrical signal is inputted into signal-electrode 40b of 
a light emitting device 40 through a signal electrode 16, and a light 
emitting device 40 will change an electrical signal into a lightwave signal, 
and will carry out outgoing radiation of the lightwave signal from 
light-emitting part 40c. Incidence of the lightwave signal which carried 
out outgoing radiation is carried out to optical waveguide 30, it carries 
out total reflection in the direction almost perpendicular to the direction 
of incidence in the reflector 31a, for example, and carries out incidence 
to the interior of a core layer 31. After it, this lightwave signal spreads 
the inside of a core layer 31, and reaches reflector 31b. here — the 
direction where a lightwave signal is almost perpendicular to the optical 
propagation direction — for example, total reflection is carried out, 
outgoing radiation is carried out to the exterior of optical waveguide 30, 
and incidence is carried out to light sensing portion 50c of a photo detector 
50. The lightwave signal which carried out incidence to the photo detector 
50 is changed into an electrical signal, is outputted from signal-electrode 
50b, and is inputted into the signal pad which the IC chip 62 does not 
illustrate through a signal electrode 17. Thus, high-speed transmission 
of the lightwave signal is carried out between the IC chip 61 and the IC 
chip 62. Moreover, signals which may be transmitted comparatively at a low 
speed, such as a low-speed control signal, are transmitted with a 
predetermined electric wiring pattern with an electrical signal. Here, 
since optical waveguide 30 is formed in the interior of an insulating layer 
20, the damage over optical waveguide 30 is prevented and optical 
transmission loss has decreased. 

[0046] Thus, according to the optical wiring substrate concerning the 



gestalt of this operation, since the optical waveguide 30 as optical wiring 
was arranged in the interior of an insulating layer 20, damage on the optical 
waveguide 30 by external factors, such as an impact, can be prevented 
effectively. Therefore, the wiring piece of optical wiring can be prevented. 
Moreover, the effect of an optical noise is removable. Furthermore, optical 
transmission loss can be reduced. Therefore, the optical wiring module 
which was excellent in ****** and an optical propagation property in this 
optical wiring substrate can be constituted. Moreover, the high-speed 
transmission of a signal becomes possible. 

[0047] Furthermore, if a light emitting device 40 and a photo detector 50 
are also arranged in the interior of an insulating layer 20, it is protected 
also about these and an optical propagation property can be raised further. 
[0048] Moreover, if an optical wiring module is constituted using the 
optical wiring substrate concerning the gestalt of this operation, since 
the field which can mount electrical parts, such as the IC chips 61 and 
62, or other chips will increase on an optical wiring substrate compared 
with the case where optical wiring is exposed, while the degree of freedom 
at the time of a design becomes high, these mounting can be performed easily. 
[0049] (The 1st modification) Drawing 9 fractures and expresses a part of 
structure of the optical wiring module concerning the 1st modification of 
the gestalt of operation of the 1st of this invention. In addition, in the 
following explanation, the same sign is given to the same part as the 
component of the gestalt of implementation of the above 1st, and the 
detailed explanation is omitted here. 

[0050] The point that the optical wiring module concerning this 
modification differs from the optical wiring module of the gestalt of the 
1st operation greatly is that optical waveguide SOB, the light emitting 
device 40, and the photo detector 50 are arranged sequentially from [ this ] 
the electric wiring section 10 side on the electric wiring section 10. 
Therefore, optical waveguide SOB has the main front face of the electric 
wiring section 10, and the reflectors [ as / whose exterior angles to make 
are acute angles (45 degrees of abbreviation / Here /) ] 30c and 30d to 
both ends here. 

[0051] By this optical wiring module, the signal electrode 72 for outputting 
an electrical signal to the signal electrode 71 with which an electrical 
signal is impressed from a signal electrode 16, and a signal electrode 17 
is formed in the front face of an insulating layer 20. 
[0052] ISg of connection holes is formed between the signal electrode 71 
and the signal electrode 16, and the signal electrode 71 and the signal 
electrode 16 are electrically connected through the conductor with which 



13g of connection holes was filled up. The bump 73 is formed in the front 
face of a signal electrode 71, and the signal electrode 71 is electrically 
connected to signal-electrode 40b of a light emitting device 40 through 
the bump 73. Moreover, electrode 14A to which supply voltage is impressed 
from the exterior is prepared in the front face of an insulating layer 20. 
13h of connection holes is formed between electrode 14A and power-source 
electrode 40a of a light emitting device 40, and electrode 14A is 
electrically connected to power-source electrode 40a through the conductor 
with which 13h of connection holes was filled up. In addition, electrode 
14A is electrically connected to electric wiring pattern 12a through the 
conductor with which the connection hole which is not illustrated was filled 
up. 

[0053] Connection hole 13i is formed between the signal electrode 72 and 
the signal electrode 17, and the signal electrode 72 and the signal 
electrode 17 are electrically connected through the conductor with which 
connection hole 13i was filled up. The bump 74 is formed in the front face 
of a signal electrode 72, and the signal electrode 72 is electrically 
connected to signal-electrode 50b of a photo detector 50 through the bump 
74. Moreover, electrode 15A to which supply voltage is impressed from the 
exterior is prepared in the front face of an insulating layer 20. Connection 
hole 13j is formed between electrode 15A and power-source electrode 50a 
of a photo detector 50, and electrode 15A is electrically connected to 
power-source electrode 50a through the conductor with which connection hole 
13j was filled up. In addition, electrode 15A is electrically connected 
to electric wiring pattern 12b through the conductor with which the 
connection hole which is not illustrated was filled up. 
[0054] By the optical wiring module which has such a configuration, if an 
electrical signal is outputted from the signal pad which the IC chip 61 
does not illustrate, an electrical signal will be inputted into 
signal-electrode 40b of a light emitting device 40 through a signal 
electrode 16 and a signal electrode 71. Moreover, the lightwave signal which 
carried out incidence to the photo detector 50 is changed into an electrical 
signal, is outputted from signal-electrode 50b, and is inputted into the 
signal pad of the IC chip 62 through a signal electrode 72 and a signal 
electrode 17. In addition, others act like the gestalt of the 1st operation. 
Moreover, the optical wiring module concerning this modification has the 
same effectiveness as the gestalt of the 1st operation. 
[0055] (The 2nd modification) Drawing 10 fractures and expresses a part 
of structure of the optical wiring module concerning the 2nd modification 
of the gestalt of operation of the 1st of this invention. In addition, in 



the following explanation, the same sign is given to the same part as the 
component of the gestalt of implementation of the above 1st, and the 
detailed explanation is omitted here. 

[0056] The point that the optical wiring module concerning this 
modification differs from the optical wiring module of the gestalt of the 
1st operation greatly is having replaced with the light emitting device 
40 of a surface-emitting type, and the photo detector 50 of a field 
light-receiving mold, and having light emitting device 40A of an edge 
surface-emitting type, and photo detector BOA of an end-face 
light-receiving mold. Therefore, it is not necessary to establish a 
reflector in the both ends of optical waveguide 30C, and, as for optical 
waveguide 30C, for example, the cross-section configuration has become 
rectangle-like here. Moreover, optical waveguide 30C and light emitting 
device 40A and photo detector 50A are arranged so that one side face of 
optical waveguide 30C, other side faces of light-emitting part 40c of light 
emitting device 40A and optical waveguide 30C, and light sensing portion 
50c of photo detector 50A may counter, respectively. 
[0057] By the optical wiring module which has such a configuration, it acts 
like the optical wiring module of the gestalt of the 1st operation, and 
has the same effectiveness. Moreover, since it is not necessary to establish 
a reflector in the both ends of optical waveguide 30B as mentioned above, 
it has the advantage that it can manufacture easily. 
[0058] [the gestalt of the 2nd operation] ~ the configuration of the 
optical wiring module concerning the gestalt of implementation of the 2nd 
of this operation is explained first. In addition, in the following 
explanation, the same sign is given to the same part as the component of 
the gestalt of implementation of the above 1st, and the detailed explanation 
is omitted here. 

[0059] Drawing 11 fractures and expresses a part of structure of the optical 
wiring module concerning the gestalt of this operation. A greatly different 
point from the optical wiring module which requires this optical wiring 
module for the gestalt of the 1st operation is that a light emitting device 
40 and a photo detector 50 are not embedded to the interior of an insulating 
layer 20, but are arranged in the exterior of an insulating layer 20. 
[0060] The light emitting device 40 is arranged so that the light-emitting 
part 40c may correspond to the side which faced the optical wiring substrate 
(insulating layer 20) of the IC chip 61 at reflector 30c of optical waveguide 
30B. It is in contact with the signal pad which the IC chip 61 does not 
illustrate, or it is joined with solder etc., and signal-electrode 40b of 
a light emitting device 40 is electrically connected with the IC chip 61. 



Moreover, power-source electrode 40a is electrically connected to electric 
wiring pattern 12a through the conductor with which the connection hole 
which is not illustrated was filled up. 

[0061] On the other hand, the photo detector 50 is arranged so that the 
light sensing portion 50c may correspond to the side which faced the optical 
wiring substrate of the IC chip 62 at 30d of reflectors of optical waveguide 
SOB. It is in contact with the signal pad which the IC chip 62 does not 
illustrate, or it is joined with solder etc. , and signal-electrode 50b of 
a photo detector 50 is electrically connected with the IC chip 62. Moreover, 
power-source electrode 50a is electrically connected to electric wiring 
pattern 12b through the conductor with which the connection hole which is 
not illustrated was filled up. 

[0062] The electric wiring section 10 can be prepared and the optical wiring 
module which has such a configuration can be manufactured like the gestalt 
of the 1st operation by mounting the IC chip 61 which mounted the light 
emitting device 40, and the IC chip 62 which mounted the photo detector 
50, after carrying out sequential formation of lower insulating-layer and 
optical waveguide SOB and the up insulating layer. 

[006S] Thus, like the gestalt of the 1st operation, even if it is the case 
where the light emitting device 40 and the photo detector 50 are not embedded 
to the interior of an insulating layer 20, while being able to prevent the 
wiring piece of optical wiring, and generating of an optical noise, optical 
transmission loss can be reduced. 

[0064] The gestalt of [gestalt of the Srd operation] book operation is 
related with the manufacture approach of the optical wiring substrate which 
imprinted the optical waveguide formed separately beforehand on the 
electric wiring section 10, and the manufacture approach of an optical 
wiring module. In addition, drawing 12 and drawing 13 express each 
production process of the manufacture approach of an optical wiring module, 
respectively. 

[0065] the transparent dummy substrate 81 which was excellent in the gestalt 
of this operation first at surface smoothness as shown in drawing 12 — 
preparing ~ this dummy substrate 81 top — for example, plasma CVD 
(Chemical Vapor Deposition) ~ the substrate detached core 82 which 
consists of a silicon dioxide (Si02) with a thickness of 500nm by law is 
formed. Next, after applying on the substrate detached core 82 so that the 
refractive index after hardening may become the thickness of about SO 
micrometers with a spin coat method about the liquefied epoxy resin which 
is about 1. 54, alignment of the photo mask which is not illustrated on the 
applied epoxy resin is carried out, and it is arranged. As a photo mask. 



the same thing as a thing explained, for example with the gestalt of the 
1st operation can be used. 

[0066] After arranging a photo mask, light is irradiated towards the 
electric wiring section 10 side from a photo-mask side. The exposure of 
this light uses an extra-high pressure mercury lamp, and is 10 mW/cm2. It 
carries out for 3 minutes with the output of extent. Here, there are few 
amounts of absorption of light, and since the epoxy resin excellent in 
permeability is used, it is thought that the light reflected in the front 
face and rear face of the dummy substrate 81 also contributes to exposure. 
Therefore, the field where the epoxy resin was exposed is hardened from 
a rear-face side, and fixes to the substrate detached core 82. In addition, 
at this time, the part corresponding to the gray-scale field of a photo 
mask (specifically light-shielding film) is hardened from a lower layer 
side, and an upper layer side does not harden it. After irradiating light, 
light is not irradiated among epoxy resins but dissolution removal of the 
non-hardened part is carried out using an organic solvent. Thereby, while 
optical waveguide 30 is formed, the reflectors 30a and 30b where the front 
face of the dummy substrate 81 and the exterior angle to make were used 
as the acute angle (45 degrees of abbreviation [ Here ]) are formed in the 
both ends. 

[0067] Next, as shown in drawing 13 , the optical waveguide 30 in the 
condition of having been formed on the dummy substrate 81 is stuck on lower 
insulating-layer 20a, performing alignment. At this time, the glue line 
83 which consists of an epoxy resin etc. is allotted between optical 
waveguide 30 and lower insulating-layer 20a. In addition, drawing 12 and 
drawing 13 change and show the scale of optical waveguide 30 for convenience. 
[0068] Then, it is in the condition of having stuck lower insulating-layer 
20a, the dummy substrate 81, and optical waveguide 30, for example, it goes 
to the electric wiring section 10 side from the dummy substrate 81 side 
using an extra-high pressure mercury lamp, and they are 10 mW/cm2. Light 
is irradiated for 3 minutes with an output. The epoxy resin which 
constitutes a glue line 83 hardens by this, and optical waveguide 30 fixes 
in the location of a request of lower insulating-layer 20a. In addition, 
you may make it stiffen a glue line 83 by heat treatment. 
[0069] Next, the dummy substrate 81 is dipped in a thin hydrogen fluoride 
(HF) solution or a buffer hydrogen fluoride (BHFlBuffered HP) solution in 
the condition that lower insulating-layer 20a has fixed to optical 
waveguide 30. Dissolution removal of the substrate detached core 82 formed 
between the dummy substrate 81 and optical waveguide 30 is carried out by 
this, the dummy substrate 81 on the substrate detached core 82 will be in 



the condition (lift off) of having dissociated from optical waveguide 30, 
and optical waveguide 30 will be imprinted at the electric wiring section 
10 side (specifically on lower insulating-layer 20a). The process after 
it is the same as the gestalt of the 1st operation. 

[0070] Thus, with the gestalt of this operation, the optical waveguide 30 
with little optical transmission loss can be formed, without being 
influenced in the shape of [ this ] toothing, even if it is the case where 
irregularity exists on the surface of a substrate (here lower 
insulating-layer 20a), in case optical waveguide 30A is formed since it 
was made to imprint on the up insulating layer 20 after forming optical 
waveguide 30 on the dummy substrate 81 excellent in surface smoothness. 
[0071] As mentioned above, although the gestalt of operation was mentioned 
and this invention was explained, this invention is not limited to the 
gestalt of the above-mentioned implementation, and is variously deformable. 
For example, with both the gestalten of the above 1st and the 3rd 
implementation, although the case where a light emitting device 40 and a 
photo detector 50 were embedded to the interior of an insulating layer 20 
was explained and both the gestalten of implementation of the above 2nd 
explained the case where a light emitting device 40 and a photo detector 
50 were arranged in the exterior of an insulating layer 20, only either 
the photo detector 40 or the light emitting devices 50 may be made to 
consider as the configuration embedded in the insulating layer 20. for 
example, as shown in drawing 14 , in arranging a light emitting device 40 
in the interior of an insulating layer 20 and arranging a photo detector 
50 in the exterior of an insulating layer 20 Reflector 30a whose exterior 
angle which counters with light-emitting part 40c, and is made with the 
main front face of the electric wiring section 10 is an obtuse angle (135 
degrees of for example, abbreviation). What is necessary is to counter with 
light sensing portion 50c, and just to use optical waveguide 30D which has 
the main front face of the electric wiring section 10, and 30d of reflectors 
whose exterior angle to make is an acute angle (45 degrees of for example, 
abbreviation) to the both ends of a longitudinal direction. 
[0072] Moreover, although the optical waveguide 30 constituted by only the 
core layer was imprinted on the electric wiring section 10 with the gestalt 
of implementation of the above 3rd, it is also possible to imprint optical 
waveguide 30A which consists of a core layer 31 and a cladding layer 32 
as shown in drawing 2 . Furthermore, although the gestalt of implementation 
of the above 3rd explained the case where the optical wiring module which 
has the same configuration as the gestalt of implementation of the above 
1st was produced, it is applicable also about the case where the optical 



wiring module which has the same configuration as the gestalt of 
implementation of the above 2nd is produced. 

[0073] Moreover, although the optical wiring substrate constituted from 
a gestalt of implementation of the above 1st by the electric wiring section 
10 and the insulating layer 20 where optical waveguide 30, the light 
emitting device 40, and the photo detector 50 were embedded was explained, 
the optical wiring substrate does not necessarily need to be equipped with 
the light emitting device 40 and the photo detector 50. Even if it is that 
case, the effectiveness by having arranged optical waveguide 30 inside an 
insulating layer 20 is acquired. 

[0074] Furthermore, although the gestalt of each above-mentioned 
implementation explained the case where the IC chips 61 and 62 were mounted 
on an insulating layer 20, it is also possible to mount other circuit and 
components. 

[0075] In addition, although one layer of optical waveguides was arranged 
in the interior of an insulating layer 20 with the gestalt of each 
above-mentioned implementation, it is also possible to carry out the 
laminating of two or more optical waveguides in the same direction as the 
electric wiring patterns [ 12a-12g ] direction of a laminating, and to 
realize multilayering of optical wiring. 
[0076] 

[Effect of the Invention] Since optical waveguide was arranged inside the 
base which has an electric wiring pattern according to the optical wiring 
module given in any 1 term of an optical wiring substrate given in any 1 
term of claim 1 thru/or claim 14 or claim 15 thru/or claim 18 as explained 
above, while high-speed transmission becomes possible with a lightwave 
signal, the effectiveness that damage on the optical waveguide by the impact 
from the outside can be prevented effectively is done so. 
[0077] Moreover, according to the manufacture approach of an optical wiring 
module given in any 1 term of the manufacture approach of an optical wiring 
substrate given in any 1 term of claim 19 thru/or claim 21 or claim 22 thru/or 
claim 24 Since optical waveguide was embedded to the interior of an 
insulating layer by forming a lower insulating layer, forming optical 
waveguide on it, and forming an up insulating layer so that optical 
waveguide may be covered further, the effectiveness that the optical wiring 
substrate or the optical wiring module of this invention can be manufactured 
easily is done so. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view showing the configuration of the optical 
wiring substrate concerning the gestalt of operation of the 1st of this 
invention. 

[Drawing 2] It is a sectional view showing the modification of optical 
waveguide shown in drawing 1 . 

[Drawing 3] It is the side elevation which fractures and expresses a part 
of configuration of the optical wiring module concerning the gestalt of 
operation of the 1st of this invention. 

[Drawing 4] It is a sectional view for explaining the manufacture approach 
of the optical wiring module shown in drawing 3 . 

[Drawing 5] It is a sectional view for explaining the process following 
drawing 4 . 

[Drawing 6] It is a sectional view for explaining the process following 
drawing 5 . 

[Drawing 7] It is a sectional view for explaining the process following 
drawing 6 . 

[Drawing 8] It is a sectional view for explaining the process following 
drawing 7 . 

[Drawing 9] It is the side elevation which fractures and expresses a part 
of optical wiring configuration of module concerning the 1st modification 
of the optical wiring module shown in drawing 3 . 

[Drawing 10] It is the side elevation which fractures and expresses a part 
of optical wiring configuration of module concerning the 2nd modification 
of the optical wiring module shown in drawing 3 . 

[Drawing 11] It is the side elevation which fractures and expresses a part 
of configuration of the optical wiring module concerning the gestalt of 
operation of the 2nd of this invention. 

[Drawing 12] It is a sectional view for explaining the manufacture approach 
of the optical wiring module concerning the gestalt of operation of the 
3rd of this invention. 

[Drawing 13] It is a sectional view for explaining the process following 
drawing 12 . 



[Drawing 14] It is the side elevation which fractures and expresses a part 
of optical wiring configuration of module concerning other modifications 
of the optical wiring module shown in drawing 3 . 
[Description of Notations] 

10 — The electric wiring section, 11 — A substrate, 12a-12g — Electric 
wiring pattern, 13a-13j — A connection hole, 14, 14A, 15, 15A, 18a, 18b, 
19 — Electrode, 16, 17, 40b, 50b, 71, 72 — A signal electrode, 20 — 
Insulating layer, 20a — A lower insulating layer, 20b — An up insulating 
layer, 30, 30A-30D — Optical waveguide, 30a-30d, 31a, 31b — A reflector, 
31 -- A core layer, 32 — Cladding layer, 40 40A [ — A photo detector, 
50c / — 61 A light sensing portion, 62 / — 73 IC chip, 63-66 74 / — A 
bump, 81 / — A dummy substrate, 82 / — A substrate detached core, 83 / 
— Glue line ] — A light emitting device, 40a, 50a — A power-source 
electrode, 40c — 50 A light-emitting part, 50A 
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[0 0 0 6] Lii'Lrjifi^lb. 7t3i!SS§%Sfi±(C®til$ 

gtt^fi/^ L.(Drcib. ^m^^(D-mc. mm^m^ 
[0 0 0 7] ^mniit-^t-^^mmi^im^Trji-^inrc'i, 

[0 0 0 8] 

a. mumm^^-^-y^m^mwt. mwi^m^c. 
[0 0 0 9] ^mnic^^mm^iy:i-Mt. mmi 



(4) 



If 1^ 2 0 0 2 - 6 1 6 1 



[0 0 10] :^mmci:^mmm^nw^y5'mi. m 

[0 0 1 1] ^mc^^^mm'&i^':^-)V(Dmm:fjm 

^ < h^^m^-m-^m.^ ^ a \t}Lmmmn:Yem^x 
^ist^rcib(D^ytm^m^t^xmt. ±t^mmm 
r^T-nMffl^ogg^R a mmmmmi&t^xm t ^ 

[0 0 12] *^B^fcJ;§^iaSa^I3;/c{i^E$f^i>- 

[0 0 13] :^mmcii^mimmm(Dmmy5m^rc^i 

[0 0 14] 

[0015] \m\ (ommmm] «-r> ^mm<Dm i 
[0 0 1 6] H Hi. ^^ffiometcjj^^i^tsasigsscD 

m=?5o timm-snT\,^^o n c i:\ nm^mW' i o t 
[0 0 17] mmim\i \ o«. ^mmm^&m i 

It. coaffil ltDgffi*5<i;y'rtgP{c^tt6n> 
m (Cu) ^d:ifcDa»«ttm^?.^5ffll!l©«^iaiS^^ 
^-yi 2a~l 2 gi:^#A.T-0>§„ «SSeiS/^^- 
y 1 2 a~ 1 2 d 1 1 cOrtSPtcffM^n. 1IMi2 
1 2 e~l 2 gimUl 1 cD-;^0«S (121 

iT-ti«ffiij) tcfgfig$nTi/^§o n^eii/^^-^i 
2 c htt^EH/^^-y 1 2 d m^im-mm 

1 2 a fccfcumia^/^^'-^' 1 2 d ti. i^j^tf^ 1 m 



r^h%. ciiTii. m.mm'^'^-yi 2a~i 2g 

[0 0 18] 1 2 ati. fgj^^? 4 0 

7^^?5 offloiiai^^yT-^§o n.^um^'^-yi 

2 c{±. mai-r?. I cf-^yye 1 (gi3#f,s) m(DmM 

'y^yXhK). mM.WMf^'^-y \ 2dti. ^ijit§ I 
Z^y-fQZ (E13#f,g) mnmM'y'^yxh^o f 

;^c. 1t)iiSHI'^>'^^->' 1 2 e~ 1 2 g(*. El^U^t/^^ 
[0 0 19] SSl 1 ©jt[!7?0«ffiJC«. ^gPA^^mji 

mffi^b-iEPto^n^iisi 4, 1 5A^^tt6nTi/^i)o 11 
S 1 4 ^««gBll^^^-y 1 2 a tciatcttsm (X 

1 3 aA^WSnXfeD. rlffi 1 A^tWH 
?L1 3 a{C5ftiI^nfcmHc03im*^tTmMEffi 
/^^-y 1 2 a JcmMWtCgl^^nTV^^,, M 1 5 t 
«^iBIS/^i5f-y 1 2 b i:or^tctig|^?L i 3 bA« 

?nT*5i9. «^ii 5ti}g^?Li 3 bK%m^r\mm. 
w^f^Lxn^w.m^'^-y 1 2 btcm^e^tcMM^n 
Tv^5o cz.x\ mmi At'^i^mm^m^ r^2cDm 

[0 0 2 0] %)^«?4 0«. «ffil 4^«^bTEIg 
^tlTl/^So i:«fS7t*^4 Oa. Wjgmffi^EPiDT^ 
fc46£D«i!i«ffi4 0 a i:. «^fH^^EP)[)Pf §/cJ6cDffl 
^«4 0bi:. I^T^gM 0 c i:^WLTV^§o 
Ii4 0aa«1il 4tC®l5!bLTV^§*\ fe^V^ti^ffl^S: 

H(cJ;^3i^-ar$nT«lii 4 twmsutcs^^nT^^ 

c<ix\ nmmMA 0 a*^*%B^© 1 conMM. 
ffij ©-mfti^jtcmt. fs^wi4 0 h-ti^if-mm 

[0 0 2 1] g)t^?5 0{J:. «ffil 5t»^UTBBiS 
^nTV^S. il©g)t«?5 0«. HilSftE^&EPtol-S 
fci60«!lS«5 0 a gflbfc^ffl^tCjSD;^c«m 
fB€>&l±i;/3-r5^cfcO{B^mii5 0 bi:. g«g^5 o c 

t^MLx^^^o mMMm^o & \mm \ stcjgttUT 

$.5l/Hi*Ba^Htd;DS^^nT«gl St 
m.mcm.tnx\.^^. CCX. m^flffi 5 0 a A^* 
fSH^o r^3oii«s«ffij (D-mMm^nj&L. \mm 
lis 0 bAs*ii0^£D 1 (Dimi^-hnms ff^-mwm 

[0 0 2 2] mmm 2 o©sa (ss 1 1 muKmm 
as) (ca. ^m.%{mtf mw^nm 

1 7. ^m-^nrnMS-ifmu-^^^nmi s a, is 

b*3j;y~^©fti3©llSl 9:&^~*^IStte<nTl/^?>c fs^ 

ini 1 6 t^%m^AO(D\mnAA 0 b iiop^^ctis 
1 3 c ifWM^nxus D . fs^mffi 1 6 \mmi 1 

3 c^c^«^nfc^i«^*%/^LTffi#«1i4 0 btcim 



(5) 



t^M 2 0 0 2 - 6 1 6 1 



o . \mm.m 1 7 \mmi 1 3 d ^c^m^ntzmmw^ 
^LTffl^«5 0 btc«MWfc}g^$nTt/^i,„ mm 
1 8 a tn.%m%'^'5(~y 1 2 c tcDr^tcfisi^jL 1 3 

eAM$nT*5 0. «1S1 8a«g^S?Ll 3 e tc^« 
$n/c:2imi*%:OLT««E^|/'^i5?-y 1 2 ctc««6<] 

> 1 2 d i:op^tc«gi!?L 1 3 f A^J^fiSc^nrfe'D. « 

ii 1 8 h^mmii 1 3 f \ii^m^ntcmm.w^i\\.xm 

[0 0 2 3] mm3o^i. nytmi" ^ 0 t^^tm^? 
5 otcorsicmm-^nxi^^o cnftm^s^soit. m 

tmtimn (ccTa. b§i 35° ) Tag,?.s*t®3 

Qa, 3 0 b^'^UTl/^So SWffiS 0 ai4fg)t?l?4 
0©f§^gM0ci;^rp]-r§J;9Jc{4lLTfcD. ^ft 
0 cA^6?l-<i:?)nfc)^fl^%7t#!S£S3 0F*3CDft? 

5 0 (Dg7^g|3 5 0 c i:»iPi-ri.J;^tc{4abTi5 
0. 7tWfiSS3 Ort^&^cDfi^^^^tcr'p^oTeffibTt 
/c7^fi^^§7^gP5 0 c £D7?^tcKi^^§ j; 9 iC^oT 

i/^§o 7^a»»ss3 0(7)«asafe5gn o(Dmmtrs 

[0 0 2 4] mmSBISgP 1 0 \at. m^^fs -tr^ 5 -y ^ 

as. idvi/ h 7 -y 7°^/iiEisa^sfe j; t/ u > h lasiia 

SEISS«i;ti. Sffii \ ti\ m\t7)]^^-^h (A I2 
O3 ) , f3^7.^^%v^ im>^l&iS^7.^ 
y^yi') , mt7)l5.-'yh (A 1 N) 43J;t>"A^-t' 

a. Sffil lA^ *"7Xx.-J^4^i/jia .KiM^F, B 
jmm, PPE (Polyphenyl ether) ifSg, 7x7-;!/ 

^tSi*5 J; t>"4^ u ^ b 7 ^ yfitsg m X. « X a 4^ y ttS(?) 

r7Py (SiiWi) ) *^?>^?.p£D9-^cO'>^< 
oo t^^ii@eiSS«oa-&7^;l/A:t«cOJJ^'M 

t\t. mm. Wh\ F R- 4 ^^■(D;^J7Xx4^4^i/«tSi 



iaiss« i: a . am ^0 ;9 7 X X .1^ + i/wmmw.±.\c m x. 

^ttO-<yW^n7x> (BCB) 

mmm t it. mximnmm^ ?. § ^rmm^icn 

[0 0 2 5] i&mm 2 0 m^ii. p$ l O O mco 
x.l<4^iy1SBi(c=l;^)«jig5nTV^§o )^W)SgS3 

0 t^^9tm^4 o^^xf^ytm^so tmmLxmm 
^n^m-^icii, MiBm2o^mmi<cMLxmmrj:^t^ 

nnmmm^^wm ^^.tti^x^^t^^xh^. 

[0 0 2 6] ^2i)SS§3 Oa. M/f*A^ 1 . 5 

4 Sg« X 7 X 7 t f § xd^+ ymm K ^ 
!3^fiSc$nTJ3D. ^tDJi$tti^J^«'3 0/imT-^§o 
[0 0 2 7] ^!»SIES3 Ofi. ^nc^LfcJ;^ 

2 (A) , (B) t^5b/-cj;9tC. 37113 K ^^X} 
37)13 l^Ht;J;atcbT?f^j3K^n/c^-5-y Kil 3 2 
J;»5^§«3fi<737ta»?SE§3 0Ai:LTtJ;V\ "^^^ 
tc. E12 (A) ttH 1 i:[5)«^D73^^C^5V^T«iTU/c7t 
af?S!ES3 0A£D|ffffi«Jg^g1-fc©T-feD. 112 (B) 
ttl2I2 (A) ©IIB -IIB IStCift-^/cllfffiJcm'r^t 

[0 0 2 8] i:tD)t»SSS3 0 AT1i. a7l3Hi{^J 
^MiT^A^ 1 . 5 Am.m^7.y^/~J\^^iMtt 

5 X .1^ + i/^iflg fc j; 13 lijjSc ? nr . ^ 5 a f^J X. 

«~3 0 /imTfei.„ cnurm^ Hi, tt^:^ 
rRjcDWSgPtcSttffiS 1 a, 3 1 b%^UTV^i.o 

KH 3 2 ti. 3 7« 3 1 0«fi!c«^J; D t/a^iT*£D/J^ 
^O^m i?iJx.«iT*AM . 5 2ea(DX.f:^^>/«tBg 
tC^tO^ifiic^nTfci?, ^©i¥^aj^J^«'3 0/zmT^ 
§0 dOcfc^fC. T^JlSIElS 0 AMWM^iSttfcTu 

mmm^m^r^\^^(^x^^L\\ ^v-yK 

13 2*3=};t>"3 7]i3 Hi. 3 713 

-y FSS 2«;f$=ti9fc;*:tV^i:i/^^^i^f^?S/cf t 

ii' « 7 ^ U j}^uxf-uy->^'4<iJXf^uv^if(D 

^^mm^^oKLX^^\^\ 
[0 0 2 9] nftm^A 0«. f^J;^«'ffi%)tSOf67^^" 
-1';^-— F (light emitting diode; LED) tC<i;f3^M 

tV'5t^:^-YKi^^m^^^x\.^^o ccxm^mi 



(6) 



Itr?^ 2 0 0 2 - 6 1 6 1 



tit. i.mmic^-DTfe^m^^(DCDiit^i^vo 
[0 0 3 0] c(D^orj:m!^^m^Mmmmii. m 

mmmmcD^ms z o (om.mm^'!> \ o t&mm^. 

IC^y-fQi, Q2mmtntc^(Dl:h^, IC^ 
C^-y^e 1, 6 2*^ *?gBj!cD rftfi^Sgj (D-m* 

[0031] ic^yfGi comm&m mmm z 
0) miat. I c=^-yzfQ 1 trnmcmu-^titc^vy 

^ (aiffittS^^B) 6 3, 6 4A^^n^"niStt6nTI/^ 
§0 /^y/6 3{iWll 8ai:g(ttbTfc-l9. /^^7'6 
4f±ffl^^Tlffil 6 tSttLTl/^iio cntcJ;D. I Cf- 
-y7'6 1 fi:. /r^ye 3, mm 1 8 afcJ;y'g|^?L 1 3 

eic^m^ntcmmw^frLxnmm^^'^-y \ z c 
ocoimnmA o btiafi^tg^snrv^s. 

[0 0 3 2] -7?. I C^-y^e 2(DJ^SHIiaffi Cffi^ 
il2 0) miat. I Cf--y7"6 2 i^W^WtcM^^tlfc 

5«mffii 8 b tis^iLTfco. ^vyf6 6mmmm 

1 7 i:SMbTV^;i>„ cntcj;!;. IC^'y7'62«. 

m-^n^tnic, ^ry^ee, imnmi i^i^umm 

?L 1 3 d JC3=E«?nfc»mf*%^UTS)t^? 5 OCOfS 

[0 0 3 3]:;^tC, 0 4)^1/^1.0 8 ^#H^LT. 03tC 
^ b )t gSia t >> i -^KDSJfiTJS O V ^ T Hl!f i> o 

[0 0 3 4] s-r\ Bl4^c.T^u^c=k^^c. itasaii/^^ 

-y 1 2 a~ 1 2 g*^ffM^nfcS« 1 1 (trjit-^. 
neonate, smi 3 a;&/M-T«mgai,SA^ 

-> 1 2 a icn^mKmm-s^tcmm 1 4*5=f:t;si?g?L 
1 3 h^^Lxmmm^^'$i~yi zhicmmicmi^ 

^9tm=?4 ocommmmi o a tmrnm^^^ i os 

f8^«?4 o^ttmiaisgpi o<D±tc^st-;5c sfc. 

S7^^?5 OcDttMISS 0 a i;1iaiBiSg|3 1 oaS© 

5 o^n^gsmp 1 o(D±icmmt^o 

[0 0 3 5] i^tC. SSiC^bfCct^t, IS^«?4 0 



KTSMi 2 0 a m^m-^. n cDT^mmm 2 0 a 

mMli. m^i>£. n-;l/r:-hrS, 

{c J; . mftm^4 0io^ xs^ftmi- 5 0 ^^Tgp^feSii 

2 0 aWrtgWciilS^n^o Tmm»2 0 a^JFML 
^cO-S. Tg(5*e^ffl2 0 aaffiWa{k5flii%^T3c 
[0 0 3 6];^fc. ia6t^L^cJ;3Jc. ^ofi^^Jrp] 

£D-»*^5§7t^?4 0(7)fg7tgP4 0 ctcmt. \m 
gPA'iSTt*^ 5 0 (D^^^ 5 0 c tcmt § ct; r>\c. m 
m]ilT(D^ 5 LX^mW.^ 3 0 ^j^^-r§o 
[0 0 3 7] tr^^-^. ^m'mZQ^WMWt 

(i> f-f^ Tg«®2 0 a(D±tC. m^lf7.\^y^~ 

vm\ti^^ mMmmmm'^ 1.54 @g©?^«cDx.-K 

+ 3 0 mSa©]?^ 75; i, J; a bfccD 

7t3»Mss3 ot^is^srjDPAwe-n/cjgjtsM 
mn(Dm.^i5mm':>xm^^(Dmtij^wm 
<rs:^z.tKii-DX. mfm(omu(o'm.)&\mm.tm 

[0 0 3 8] 7* hvX^^BBBbfcCO*.. 7:t h^X 

^mm\t. a;«ff7j<is^y^;&fflo^T. 1 0 

mW/cm2 ag£Ofav^iil;^l:-fii/^BtP^ 3^^ 

^S-r§o )^a|ES!iS3 0*^ffM^n§h« 

tc. ^©WiSSKcSl^ffiS 0 a , 3 0 bA~«$n?io 
[0 0 3 9] 1212 (A) , (B) tC^sb^Ccta^C 

riTBS 1 t^'^-y KI13 2 t^Wr§7t»MSS3 0 A 

gp^^Jl 2 0 a £D±(i:. mxii7.\^y:3~hmK^^m 
itmmimt)^ 1.52 sacDrSttox4?:^i/^flB;fe 3 

mm^'^^xmE^^mt-^^. -rm^-j khs 2 a 

(0 2 (A) #M) mi'^t^o ym'yyv 
il3 2 a©±{c. ^iJ^«±a5b/c)te2|i«iiS3 OcDJgiitTu 
}ii:f^l«<D7?^%fflV^T, i^mcSWS3 1 a, 3 1 
b%Wr§37S3 l^fl5fiSt-r?io !^l/^T. TgR^'^-y 
FS3 2 a£DStiiffil5j;t^':3 7l3 1 <D±tC, 1?iJx.tfX 

ttcDX.1^4^>/^SfSg:?-37S3 1 cD±g|5tC*5l/^T3 0 /i m 
[0 0 4 0] ^3i)SSS3 O^ffML/tcD-^. 07^C^^b 



(7) 



ftPffl 2 0 0 2 - 6 1 6 1 



HZ 0 a tm-(Dmmi^rm-'(Dy5'mc^tjBi^t 

0 b i D ^ ^iie^ii 2 0 3f)W$ n§<, 

[0 0 4 1 ] ^Aiz. msic^sLfc^^ic. mumm^^'}' 

-yi2c, 1 2 dfc'=tyfa^M4 0 b, SObicW 

mbzmmm 2 0 tcg^^ji 1 3 c ~ 1 3 f ^^n^etim 
^cn!b(D^mi \ 3 c~i 3 uzmrs.E(Dmm.w^m 

toiitJiltttC. {f^Uffil 6, 1 7fc=};U'mffil 8 a, 

1 8 b^^ti^'njf^figt-s. *4b\ gmi 3 c~i 3 

1 3 c ~ 1 3 f ^ffM-r§ c i: fenJftgT-fe^o 

[0 0 4 2]i^}C. I Cg^'VT'e nc/^y7°6 3, 6 4 

■^^^n^mL^m^tm^. i cg^-yT'e 2tc/^y:/ 

6 5, Q&^tn'emi^m^o ic^y 

7°6 1, 6 2;&l?lJA«VNy7°6 3~6 6%flJfflbfc7U 

7 7'f--y7°4^'yxV ym^c^-DxmmMz o(o±^cm 

SfSc cntCckD. ll3tc^bfcmiiS^->''a-;l/A^ 
[0 0 4 3] 'Mc. C(Dmim'ei^3.-;lcoimic-Di^ 
[0 0 4 4] i:©7^iaiS^s>'i-;l/i?a. 9\-^m^ibmu 

^nrcnMns.ti\ waiBSsn oo^MiH^S/^^-y 

1 2 afccty'WIil 4:&^LTf§7^*?4 OcDmiJgWffi 
4 0 atEPiP^n^i:. ^7^^?4 OAWtBJtl^mi 

1 2 b*3j;y'«ji 1 5%/^UTg^ll?5 0 

5 0 a tcEPiP^nS fc, §7t«? 5 0 

12d. ItglSa, 1 8 bfcj;t/Ayy6 3, 6 5^ 

t. I C^-y7°6 1 , 6 2*^^tl€ni!litnJtg^mitc 

[0 0 4 5] f§^^?4 0, ^^m^5 0fc=}:t>*I C^^ 
-y ^6 1 , 6 2 *WMtl%m^T:\ m^ii I C^yf 
6 1 cDH^L^V^^f^/^y FA^6fllMfl^*^'tB:^^n§ 
il. WlSl 6%/^bT5g)^^?4 0tDm«a4 0 

1 a ttfcv^TA*t^^ttS{£SlI07?^lc^iJ^«^SW 

3 7/13 1 sitffis 1 bfcioji-r 

m^sQ cD^^gR 5 0 c icxm^o 5 0 \CX 
%^Ltcmm\t. n%\mKmm-^nx{mnM5 o b 

A^6tii:^^nT. ffi-^Wffil 7%/>LTl Cf-'y7"6 2 



T. I Cg^-y7°6 1 I Cf--y76 2i:Of^T-^^i^A^■ 

m'md, omsii2 ocortg(5tcisttp.nTv>;s(DT\ 
«»!!SSS3 ofcj^t-r^afiAm^nTfcf^. ^fssja 

[0 0 4 6] c:<7)J;diC2p:^ffiom^tc^§)tSBI»Sfi 
T^EISi: Lxa^m^m 0^112 0(D 

i^TtJifiiESs 0(7)a{i%a^s^tcR^±t^i: 

[0 0 4 7] $S,{C. fg)^^?4 O^^^S^S O^fc 

[0 0 4 8] ^^c. *^i5acDmetcf^§)tia^iaffi^ffl 

l/^§±i^tCl:t^T. )tia^a«±tc I C^-y7'6 1 , 6 

[0 0 4 9] (mi (DumD m 9 ^iga^o^ 1 © 
mm 1 ©^gg(73micD^ffigg^i:R]-©gp^Hca 

[0 0 5 0] *gjf$1?iJtc{^?,^iaiS^v'a-;b*^^ 1 o 

mm^^ 1 o(D±t, jtiiiSEss 0 b 4 0*5 
^ z^s^m^ 5 0 ti^w^nm^^ 1 0 ji?!?^ c ©lit la 

3 0Bti:. f^J^tf]ao»t. M^iaUgn OOiSEi 

WE3 0C, SOd^WLTV^So 
[00 5 1] il(DJtBHII*v'~:i-;l'T-«. SjifeHl 2 0 (D 

[0 0 5 2] m^nmi i tin^mm i e t(Dmci,m 
m^ii 3 g/!}^~ffM^nT*5D. fH^"iS7 1 tiB^nm 
1 6 iifiigm 1 3 gicMM^ntzmnmifrLxn^ 

3A'«iait?>nTfcD^ fl^«ffi7 ni/^y:^7 3^^t 



(8) 



ttrfS 2 0 0 2 - 6 1 6 1 



A^EPi!jn^n?.«is 1 4 AAWt?>nTt/^?.„ as 1 4 a 

i:f§7t^?4 OcDmM«4 0 a tcDP^tCtiMm 1 3 

CO 0 5 3] milffi? 2iliS^IMl 7 ttDP^tcfiJg 
1 3 i *^Jgfi)t^nTfcO^ fS^m^i? 2 i:{H^«ffi 

1 itimmii 3 i tc3t«?nfcw«{*>&^LT«M 

4 *^■is^t p, nrfc 0 . fS^'lS 7 2 {±/ry/ 1 4^frL 
*"!Enijp^n§msi 5 A*\~isttp.nTv^;i>„ «i sa 

i;g7t^?5 OcomitllS 0 a t©r^{C«g^*SfL 1 3 
j ATO?nTfc!3. «<i 1 5 A{ig|^?L 1 3 j ic^m 

^nmmi^^ftLzuunms 0 a tciime^ta^? 

[0 0 5 4] c:©J;9^«)3ic^Wf §7te@aigt>>'i-;l/ 
■eti:. I Cf-'y7°6 1 Oil^L^&V^fS-^/^y K;6^P.«m 

=&^bTfg^^?4 o«fi#«ii4 0 b-\nm9^ti^x 
ii-^ti^o ^fz, §7t*?5 o(cAitufc)^{t^a. « 
^ft^ic^i^^nrfs^mffis o b*^6(±i;b?nT. ft 
^mm^ 2^^mmmm \ 7^^bT i c^>y/6 2 

[0 0 5 5] cm 2 (Dmmm) 0 1 0 a. ^mmm 1 

[0 0 5 6] *Sff$l?iJtcfS§^saiil^i>~i-;bA^^ 1 to 

^^mn^ytm^4 ofcd;t^'ss7tsJos7t*?5 otc 

f-t^T, 4Sffi%7tiyo5g7^^?4 0 AfcJ;t/MS7^§y 

CDS7t*?5 0 A^{i^Tt.^§CtTfei,o tA^oT, il 

< > mm 3 0 C ti^J A t^»f®««A'«SE«« t: & 
oTl/^§c S^c. ^3»)SgS3 0C. 58Jtll?4 0Afcj; 
IfSjftm^SOA^i. ^3»?SES3 0 CO-iliJEt^^^ 
? 4 0 A (Dfl^gP 4 0c. mm 3 0 C CDffiQWffi t 



[0 0 5 7] ccDiior^mj&^'^t^mm'ei^'^-ji 
^ifciyji-r 5 i ^1 A^-e t § 3 fij^^%*-ri.c 

[0 0 5 8] [^2<D^ffi£Dff^^] tt. *^)JS«^2 

[0 0 5 9] EI 1 ^nmmmim^Mm'Ei^ 

;btAt<M'S;§.^Ji. Ifg7t^?4 0*5j;t;s^^? 5 

0A^~*6^/12 OcDl*|gl5tlSi6jAtnT*5P>f-\ ffiiif H 2 

0O5^g|5fcElS^nTi/^i.i: i:Tfe§o 
[0 0 6 0] l§^^?4 Ofi. m^^i. I C9^-y7°6 1 

to)tiaiis« cmmmo) icmbtdmc. t(D?^^^ 
4 0 c t)^mm 3 0 B osws 3 0 c tm-r § ■? 

I Cf-y^e l©0^L5S;VMS^/^y 
A\ fe§l.Hi*ffi^^"tCj;i3ig^^nT I C^-y7°6 1 

;^^~y 1 2 a }i:l|M6^tS^$nTV^i,o 
[0 0 61] -7?. §^*?5 Oti, I 09^7 

^62 (DmimmmicmLTcmic, ^os^^gp 5 o c 
7te»Sii§ 3 0 B (DKim 3 0 d tcm-r ^ J: 5 icmm^ 
nri/^^o §7^^? 5 0 cDffl-f-Wi 5 0 bti, I cg^-y 
ye 2cDig^b^vMS^^^y Kti:gttLT(/^?>*\ fei, 
VHi^H^H(cJ;OS^$nT I C 9^-y 7^6 2 i;«MS^ 

[0 0 6 2] ccD^^rjim^^^-r^yiw.m'Ei^j.-ji 
mMmwmf&LtccD-^. mm^4 ommtrc i c 

^7^6 1 t. ^^m^SO^mmbfcl Cf--y7°6 2 
[0 0 6 3] C(D^viC^ytm^4 0i5i:X}§:^mi'5 

[0 0 6 4] [^3 commmm] ^mmmm^i. ^ 
mrmi^Ltzmm^nmrn^^ i o(D±icmw-t 



(9) 



#M 2 0 0 2 - 6 1 6 1 



urn 1 mm'tiy ^-jicom^i5m<o^mmxm 
[0 0 6 5] ^mmmmvii. tt. mi zic^^ttc 

VCVD (Chemical Vapor Deposition ) ffitCcfcOff^ 
5 0 0 nm(73-K{b'>-^^ (S i Og ) J;i9«c§Sfi» 

JScO}«*^60x.:}<:^Fi/^S|:S: 3 0 /i mSawW^tc^ci, J; 
o \zm.-^ L/C CD -5. LfcX4<*v/«flg±tCgl^ 

^7 i: bra, j^J^t^^ 1 OI^SEomiWJ^LfcfetD^ 

[0 0 6 6] 7* hVX^^EBU/c©*.. 7*hVX 
^<IiJA^?.«affiiagM OiJtC^ltT)^^H,Slfr§. CCD 
^©BQI^ti. SffiE7j<tg^>7'%fflV^T. 10 

mW/cm2 eacDtB:^l-C-3^^r5tT'5o 

1/^§CDT\ ^~5-affi8 lcoaSfcJ;t;«ffitCfcl.^TjK 

^WSSSSOA^ff^fig^n^tWtc. ^ 
CTii. fflS4 5°) i:$nfcSlffi3 0 a, 3 0b*<Jf$ 
[0 0 6 7] i^t, gl 1 3\zfrsLtc^o\c. 

8 l±^cffM$t^/cml^D^j^«5§3o^. \m^h^ 

iv^BI^ H J; 0 ^ § g«S 8 3 § j; 5 1 -r 
01 2i:0 1 ^t-!:'[t. fi!S:±. )^W?SSS3 

0 tDliR^g X. T/T^ bT 1/ > § o 

[0 0 6 8] m.^^T. y^mmmzo a i:^"5-a«8 

1 fcj;t;7^wrsifS3 0 ^^m«^^/c«iiT\ 
s»]<SM^yy^fflv^T. ^"5-sffi8 iiiA^?>«a 

E^7^g[5l OlilCI^O^^-^T 1 0mW/cm2 ©tti^TS^j- 

r^^^PM-r^o ctifc^tOs s«ii8 3;&«fiSc-r§x 

4?+->ISflg;^^~51f[:L. T^aiiSSS 3 0 t^TSPffi^l 2 0 a 

ate j; 0 51fk^-a:§ J; ^ UT cfc v\ 
[0 0 6 9] i^{C. ^»filES 3 0 KTmmm ZOat^ 

y^yitym (HF) jgffi. ^rcimmyyit7m (bh 



F ; Buffered HF) mmicmta iiniCjcDs 

s«8 1 tmm^s 0 tcDr^tffM^n/css^i-ffi/i 

8 2/!)^?g»^S$n. Sfi53-lli®8 2±(r)^" = -S«8 

1 ti^mms^ 3 0 ^^gf ^ n/cttii ( u 7 h ^ 7 ) t 
7^3iMs§3 oA^'amsasgpi offlij (Rftwtti. 

[0 0 7 0] CKDcfc^fC^^SScDm^Tti. )^a!ffilES3 

0 witttcisn/t^'^-a^ss i ±icffMb/-c©-6. 

±g[5ffi»»2 0±tcK¥-r5^dfcL/c:cr)T\ ^3»)SSS 

3 0 A^Bf&t^mcTm (c iiTti. Tmmi 2 0 

a) cDSffitC[H]Ci7b^#ft-ri.^-a-T-$.oTfe. dtDHfl 

lf§3 O^ffM^SCtA^T-tSc 
[0 0 7 1 ] iX±v ^j5fi©mi^^lfT*fgR;j^|{iBi1U 

<> a^^fl^Rlt^T-feSo ^J^t^\ ±IB^ifcJ;tf^3 

mmms 2 0 (Dmcmib^i^^titzm'^ic'D^^Tmsn 
5 0 A-iftfc^^ji 2 0 ongRtssis^nfcif^tc 
o ^(Dh^tm^-yjco^timms 2 0 rt(cai6a>tnfc 
9tc. mytm^4o^mmmzon\^mcmmts ^yt 

0^»i^/l2 0«5^g|5fCiHS1-§ii^tCtt. fgT^ 

fi^m (.imii. BS 1 3 5° ) Tfe§S*tS3 0 a i:. 
S^gP5 0ci;*t[S]L. H^IH^IgPi 0cD±«Si:^-r 
^^A^ijJ^ (f?J;?.ti\ liS4 5° ) Tfe§S*fS3 0 d t 
^S¥;3^<D(^Sg^tct-r§^3»!SliS3 0 D;Srfflv^§^ 

[0 0 7 2] S/c. ±fei?3t7)^ffl<73ffmiTii. n7JI 

o^!^tc cfc D Sfi)c^n/c)t»!Sif§ 3 0 ^nmmt^ 1 0 © 

±tc|E¥f § <t 9 L/cA-!. m Z fc^ bfc J; 9 ^a7ll 
3 l*3j;y^:7^'yF«3 2J;D^§^WSIil3 0A%K 

±iH^i©^«fi<Dm^i:P«<^«fi)c^w-r§7t 

- ; V ^ S -r § if ^ o ^ ^ T t M ffl T § c i: T- § § o 

[0 0 7 3] s/c. ±fBS 1 (Dmmmm-^-ii. nnm 

lot. 7^»SSS3 0. f§7t*^ 4 0fc-J;tfS7t* 
^5 0;6'iiia63Afti/cffi»S2 0i:£j;(3«fi!t$nfc^ 

iBisastcov^TiiiH^ bfc*^ ^@a^sa«{ii2^-r l tfg 
[0 0 7 4] ±HB§^ffi©m^Tii. mmmz 

0©±t I C^77°6 1 , 6 2%^St§ii-a-tC01/^T 



(10) 



ijf r»1 2 0 0 2 - 6 1 6 1 



[0 0 7 5] mxT. ±.B^mmmmTii. mmmz 
mmm^^^-yi 2 a~i 2 g(Dmm:^i^m-(Dy5 

[0 0 7 6] 

mm(D%m: &L±mm Ltc^d icm^m 1 ^i/^ vm^ 
m 1 4 cDv^t^n*^ 1 micmmmm&mtciim^m 
1 5 ^1/^ lisjrii 1 8 cDi/^-rn*^ 1 ajcf5««D)^ia^^ 

mimnmm^n^^^mtt 5 c i: t § i: 9 a 

[0 0 7 7] tfc. HS^l 9>S:l/^UIM]S2 1 
2 ^l/^UISjR^S 2 4 cDO^fn*^ 1 StfBttomiil^:'>' 

m 1 ] *5g0^^3^ 1 <D%mmm\m^mm&m 
[0 2] 01 \z7rsLfc%mm^(Dmim^m.tWimmx' 
[0 3] :^mn(D'm i oiiss£Dmitcj^;5)^Bai,«^ >>'a 

[0 4] 0 3 tc^b/cT^BBfeSt v-a-yl/^iiaig^^ffi^IK 
[0 5] 0 4ic|^<Ig;&iKB^t§fci6O»Tffi0T-$. 
[03] 



[0 6] m5\cm.<xn^mmt^fcih(om^mz'h 

[0 7] 0 6(C,|^<lS;&UiB^-ri,/cJ6cD»Tffi0T-fe 

i.o 

[0 8] 0 7(Ci!<Ig^|KH^-r?.fca6<D»fS0T-fe 

[0 9] 0 3 tc/T^L/c^Eis* i>i-;i/cD^ 1 (om\m\ 

tCiS^^)tEI«^:5>'rL-;Hf)S^-g|5«iTbT«-rfiS0 
[01 0] 0 3tC.^b/c)^iBI.I*v'a-;K73^2cD^Jg 
0t:-fe5c 

[011] i?imn(Dmz(D%m(oi\imK%^mm=^iy 
[012] ^mmm3(onmmm\m^mm'^'J 
[01 3] 01 2\z.m<xu^mmt^tz>6(o^m'mz' 
[0 14] m\^n^Lrcmm.=iiy^-i\^<D{m^Bm 

iQ-m.%wm>. ii-afc i2a~i2g--«M 

IHia^^^-y. 1 3 a~l 3 j •••gl^?L 14, 14 
A, 15, 15A, 18a, 18b, 1 9 1 
6, 17, 40b, 50b, 71, 7 Z--\mnM. 2 
O-^^l. 2 0 a-TgP^^l^ 2 0b-±gM^ 
1. 3 0, 3 0 A~3 0D'--)^3i?SgSs 3 0a~3 0 
d, 3 1a, 3 1b"'Slffi. 3 1 ■••37/1. 3 2^^-^' 
5>yF]i, 4 0, AQk-Wtm'^. 4 0a, 5 0a--- 
HMWI. 4 0 c -%7tgP. 5 0,5 0 A--g7^^?. 
5 0c---§» 6 1, 6 2-- I Cf-'yT". 6 3-6 
6, 7 3, 7 4---/'^y7\ 8 1---^"5-»fi. 8 2---a 

m.'^fm.m. 8 3-g»/i 

[0 4] 




(12) 



ijtlS 2 0 0 2 - 6 1 6 1 




(13) 



iff f?^ 2 0 0 2 - 6 1 6 1 



(51)Int.C1.7 

H 0 5 K 3/46 



F I 

G 0 2 B 6/12 
H 0 1 L 31/02 



M 

c 



F^-A(##) 2H047 KA03 MA07 PA02 PA22 PA24 
PA28 QA05 
5E346 AA42 AA43 BB02 BB03 BB16 



BB20 CC08 CC09 CCIO CC13 
CC16 DD03 DD32 EE31 FF18 
FF45 HH40 
5F088 AA02 BA13 BA18 DAOl FA09 
FAll FA20 JAOl J AOS JAll 
JA20 

5F089 AA06 AB03 AC02 ACQS AC08 
AC09 ACIO AC16 AC18 CA20 
EAIO 



